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CoPt ÕAg nanocomposites with „001… texture
V. Karanasos,a) I. Panagiotopoulos, and D. Niarchos
IMS, NCSR ‘‘Demokritos,’’ Ag. Paraskevi Attiki, 153 10 Greece
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~Received 4 May 2001; accepted for publication 6 July 2001!

CoPt/Ag nanocomposites with the tetragonal (L10) structure have been prepared by magnetron
sputtering. The dependence of texture on film thickness, bilayer thickness, CoPt volume fraction,
and annealing conditions is investigated. Films with a thickness below 15 nm consist of islands with
~001! texture while as the thickness increases, the islands coalesce into a continuous film and the
~111! texture appears. Microstrain is minimized in the range of film thickness where the~001!
texturing is optimum indicating that strain energy provides the driving force of~001! growth
texturing. The~001! texture improves with CoPt volume fraction for all annealing times but
disappears above 95 vol % indicating that the existence of the Ag plays an important role in the
development of the~001! texture. © 2001 American Institute of Physics.
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Sputter deposited nanocomposites consisting of CoP~or
FePt! particles, with the high magnetic anisotropyL10 struc-
ture have attracted attention due to their possible use a
trahigh density recording media.1–8 A disadvantage of the
sputter deposited nanocomposites is their tendency to g
with a ~111! texture thus having the easy-magnetization
rection ~001! at an angle of 36° above the film plane. R
cently, a~001! texture has been found in CoPt/SiO2 granular
films with small Ag additions9 as well as in FePt/B2O3

nanocomposites.10 The reason for thisc-axis orientation is
not clear yet. In this study, we examine the evolution
texture and microstructure of CoPt/Ag granular films w
film thickness, bilayer thickness, CoPt volume fraction, a
annealing conditions, in order to elucidate the mechanism
texturing in these materials.

The CoPt/Ag films were deposited by magnetron sp
tering. Preparation details have been published e
where.1,4,8 The CoPt and Ag layers are successively dep
ited in a multilayer form starting by the Ag layer depositio
X-ray diffraction ~XRD! spectra were collected with a S
EMENS D500 powder diffractometer using Cu Ka radiation.
Magnetization measurements were performed with a Qu
tum Design superconducting quantum interference de
magnetometer. The as-deposited films are magnetically
and their XRD patterns indicate a multilayered structure w
~111! texture. In order to crystallize the high anisotropyL10

phase, the films were annealedin situ at a pressure o
1026 Torr at 600 °C for 20, 40, and 70 min. The microstru
ture was examined with a Digital Instruments NanoScope
atomic force microscope~AFM! and a Jeol JEM 2000 FX
transmission electron microscope~TEM!.

In the following, for brevity, we denote the samples
the form (tCoPt/tAg)N wheretAg andtCoPt are the thickness o
the Ag and Copt layers, respectively~in nm!, and N is the
number of repetitions of the bilayer.

The (00l ) reflections dominate the XRD pattern o

a!Electronic mail: bkaranasos@ims.demokritos.gr
1250003-6951/2001/79(9)/1255/3/$18.00
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films with d,15 nm indicating a high degree of preferenti
orientation of thec-axis perpendicular to the film plane. Th
hysteresis loops of the (3/1)3 film ~annealed at 600 °C for 20
min! in Fig. 1 show a clear perpendicular anisotropy w
HC54.2 kOe and squarenessS50.88 when measured with
the applied field perpendicular to the film plane where
when the applied field is parallel to the film planeHC

51 kOe andS50.12. The~001! peak rocking curve of this
sample~shown in the inset of Fig. 1! has a full width at half
maximum of 5° confirming the high degree of texturing. F
thicker films with the~111! texture, the loops measured wit
the applied field parallel and perpendicular to the subst
do not differ substantially.

Three different series of film samples were prepared
order to study the effect of the bilayer thicknessL5tCoPt

1tAg as well as the effects of the nominal film thicknessd
5NL and of the CoPt volume fraction. The first series w
of the form (3/4L/1/4L)3 with L ranging from 2 to 10 nm
resulting in a total thicknessd between 6 and 30 nm while
the second was of the form (3/1)N with N between 1 and 5
resulting ind between 4 and 20 nm and a fixed bilayer thic

FIG. 1. Hysteresis loops measured parallel~open circles! and perpendicular
~closed circles! to the film plane for a film with~001! texture and thickness
d512 nm are shown. The inset shows the rocking curve of the~001! peak.
5 © 2001 American Institute of Physics
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nessL54 nm. Both series correspond to a CoPt volum
fraction of 75%. The ratio of the~001! peak intensity to that
of the ~111! peak (I 001/I 111) is used as a figure-of-merit o
the degree of~001! texturing and it is plotted as a function o
d for both series in Fig. 2. The degree of~001! texturing is
drastically increased with decreasingd, goes through a maxi
mum around 10 nm, and slowly decreases at lowerd. The
coincidence of the two curves indicates that the degree
texturing is mainly determined by the total thickness rat
than by the bilayer thickness. The competition between
isotropic surface energy11 and elastic energy terms12–14 is
known to drive the preferential growth of grains with speci
crystallographic orientations in thin films. Thickness depe
dence of texture may arise from the fact that the latte
thickness dependent unlike the former. Strain energy, in t
is influenced by the specifics of film growth as island form
tion and coalescence15 or changes in grain morphology.13

In order to study the reasons of the thickness depende
of the texturing, the microstructure was monitored as a fu
tion of thickness. Selected TEM pictures showing the evo
tion of microstructure as a function ofd are presented in Fig
3. The (1.5/0.5)3 sample~nominald56 nm! consists of iso-
lated particles covering only 20% of the total substrate a
The (3/1)3 sample~nominald512 nm! is close to the perco
lation limit of those particles which cover the 40% of th
total substrate area whereas for the (7.5/2.5)3 , the full sub-
strate area is covered. These observations have been
confirmed by AFM data. Cross sectional TEM studies~Fig.
4! verify that the (3/1)3 sample~nominald512 nm! consists
of isolated CoPt islands with a thickness of 30 nm and
large in-plane diameter. The increased~with respect to the
nominal oned! island thickness is consistent with the fa
that the substrate is partially covered. In most of the ca
the islands consist of more than three grains with a size e
to the island thickness.

Microstrain and grain size were estimated by multip
line analysis of the~001!, ~002!, and~003! XRD peaks with
the WINFIT1.2 program16 based on the Fourier method o
Warren–Averbach.17 The results were also verified b
Williamson–Hall plots18 and single line profile analysis.19

The results are sketched as a function of the nominal
thicknessd in Fig. 5. It can be observed that in the range
film thickness where the~001! texturing is optimum, strain is
minimized. The corresponding reduction of mechani

FIG. 2. The ratio of the~001! peak intensity to that of the~111! peak
(I 001/I 111) as a function ofd for two series of samples (3/1)N ~solid circles!

and (
3
4L/

1
4L)3 ~open circles!.
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strain energy, probably related to the island formation, p
vides a driving force for the~001! texture. Since in ouru–2u
measurements the scattering vector is perpendicular to
substrate, the aforementioned analysis gives the grain dim
sion D along the film normal.D shows a drastic decreas
above 12 nm in accordance with the microscopy stud
which indicate the formation of a continuous film above th
thickness.

It is worth noting that if the deposition starts with a Co
layer, the obtained degree of texturing is degraded. This
further indication that a surface energy term may be imp
tant to the development of texture in these films. In order
study the effect of the Ag content, a (x/42x)3 series with
x52.5 to 3.8 nm corresponding to a CoPt volume fracti
between 62.5% and 95%~and fixedL54 nm! has been pre-
pared. This series was subsequently heat treated at 600 °
20, 40, and 70 min to monitor the evolution of texturing wi

FIG. 3. Planar TEM micrographs of three films with thickness~a! d
56 nm, ~b! d512 nm, and~c! d530 nm.

FIG. 4. Cross sectional TEM micrograph of the (3/1)3 sample.
license or copyright; see http://apl.aip.org/about/rights_and_permissions
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annealing time. TheI 001/I 111 ratio is plotted against the CoP
volume fraction for the three different annealing times in F
6. The ~001! texture initially improves with CoPt volume
fraction for all annealing times but disappears above

FIG. 5. Microstrain and grain size as a function of the nominal film thic
nessd.

FIG. 6. TheI 001/I 111 ratio as a function of CoPt volume fraction for sampl
annealed at 600 °C for 20, 40, and 70 min.
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vol % CoPt. This indicates the existence of the Ag plays
important role in the development of the~001! texture.

In conclusion we have investigated the dependence
texture in CoPt/Ag films on film thickness, bilayer thicknes
and annealing conditions. Microscopy and XRD data in
cate that at low film thickness, the films are comprised
islands with ~001! texture. As the thickness increases, t
islands coalesce into a continuous film and the~111! texture
appears. The existence of Ag is proven to be essential for
development of texture, even at a volume fraction as sma
10%.
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